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Gaseous ion film-plating method and device thereof 

(pertinent parts referred to by the Examiner, pages 3-5 and claim 2) 

As for the gaseous substances and vaporized substances to the added, they are 
selected mainly based on physical and chemical properties of the desired film. For 
example, 

1. To input only nitrogen and hydrogen gas to nitridize a pre-set metal 
workpiece (expressed as A), thereby forming a metallic or nonmetallic nitride film 
on the workpiece, the reaction being as follows: 

2A+ N 2 + H 2 > 2AN + H 2 

2. To simultaneously input vaporized halide and gaseous substances such as 
nitrogen, hydrogen or acetylene, methane, to produce in plasma state metal 
nitride, carbide or boride, which deposit on surface of the workpiece and form 
different plated films, for example 

BCI 3 + H 2 + N 2 + Ar > BN + HCI +Ar 

TaCI 5 + CN 4 + Ar > TaC + HCI + Ar 

CrCI 3 + TiCI 4 + H 2 + N 2 + Ar > (Cr x Ti y )N(i. x+y ) + HCI + Ar 

wherein, x > 0, y > 0, and x+y < 1 . 

The present method is performed by using the following device: 
As shown in Fig. 1, the device consists of a gas source cabinet (1), a gas flow 
controller (2), a liquid storing and atomizing means (3), a vacuum chamber (5), a 
vacuum pump (7) and an electric control box (8). The gas source cabinet (1 ) is 
connected to the vacuum pump (5) via the gas flow controller (2), and argon 
source in the gas source cabinet (1) is connected to the liquid storing and 
atomizing means (3) via the gas flow controller (2) and then connected to the 
vacuum chamber (5). The vacuum chamber (5), inside, is equipped with a 
workpiece frame (9), an electric heating element (10) and an electrode net (11) 
that are alternately arranged in layers. The workpiece frame (9) and the electrode 
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net (11) are connected to a high-voltage direct current generator of the electric 
control box (8). On the top of the vacuum chamber (5) a thermal controller (12), a 
vacuum gauge (13) and a release valve (14) are installed. 

The device operates in such a way: to place a workpiece to be plated or a 
workpiece on which a substrate has been plated on the workpiece frame (9) in the 
vacuum chamber (5), close the vacuum chamber (5), start the vacuum pump (7) 
to make the vacuum chamber (5) reach a vacuum of 10" 1 -10" 2 Pa, and 
simultaneously turn on the electric heating element (10) to heat the workpiece to a 
predetermined temperature and keep it at the temperature for a certain period of 
time. Then, to input gaseous substances as reactants to the vacuum chamber (5), 
adjust their flow and keep the vacuum chamber (5) at the required vacuum, if 
necessary, input halide(s), and place liquid substances such as halide(s) in the 
liquid storing and atomizing means (3), and charge argon and atomize it before 
inputting it to the vacuum chamber (5). Subsequently, to impose direct current 
voltage between the wokpiece frame (9) and the electrode net (11) in the vacuum 
chamber (5), to ionize the gas into plasma, and keep the plasma stable until the 
plated film reaches the requirement, turn off power, and remove the workpiece. 

Fig. 1 shows the working principle of the device used in the present invention. 
Fig. 2 shows the planform of the internal structure of the vaccum chamber (5). 
Fig. 3 shows the cutaway view of the liquid storing and atomizing means. 

In use, the workpiece frame (9), the electric heating element (10) and the 
electrode net (11) in the vacuum chamber (5) may be installed transversely or 
vertically, preferably vertically, and the workpiece frame (9) may be designed to be 
movable, for the convenience of placing workpiece. Preferably, the electric 
heating element (10) uses a far-infrared heating pipe, to increase thermal 
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efficiency. To save space, the electric heating element (10) may be supported on 
the electrode net (11), to shorten the distance among the workpiece frame (9), the 
electric heating element (10) and the electrode net (11), thereby increasing 
thermal efficiency and film-plating speed. In order to increase the deposition 
speed of plasma, the workpiece (9) is preferably connected to negative high 
voltage of the high-voltage direct current generator. In order to reduce pollution of 
residual gas to environment, a waste gas purifier (6) is preferably installed in 
series to the pipeline between the vacuum chamber (5) and the vacuum pump (7). 
A gas release valve (14) is further installed on top of the vacuum chamber (5) in 
order to release air into the vacuum chamber (5) when it is open. The liquid 
storing and atomizing means (3) may be a common atomizer or has a structure 
shown in Fig. 3. The means consists of a tank (3a), a gas inlet pipe (3b) inserting 
in the tank (3a) to its lower part, and a gas outlet (3c) at upper part of the tank (3a). 
The tank (3a) contains liquid (3d) as reactant. In use, argon enters the tank (3a) 
via the gas inlet pipe (3b), passes through the liquid (3d) layer and carries the 
liquid (3d) as reactant to enter the vacuum chamber (5) via the gas outlet (3c). A 
water tank (3f), which includes inside an electric heating element (3e) and a 
temperature controller, is preferably further installed outside of the liquid storing 
and atomizing means (3), so that low-melting point reactants that are solid at 
normal temperature and normal pressure is heated to liquid. In order to mix 
various gaseous substances that take part in the reaction, a gas mixer (4) is 
preferably further installed in front of a gas inlet (5a) of the vacuum chamber (5). 
The gas mixer (4), which is a vessel with a cavity having a relatively larger volume, 
includes a gas inlet and a gas outlet, wherein the gas inlet is connected to various 
gas input pipes, and the gas outlet is connected to the vacuum chamber (5). An 
insulating layer (15) is further installed on the casing of the vacuum chamber (5), 
to prevent emission of heat and increase thermal efficiency. 
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As compared with the prior art, the present invention has the following 
advantages: 

1 . Due to elimination of electronic gun, removal of solid target electrode and target 
power source, without rotation and revolution of the workpiece, the device is 
characterized in simple structure, convenient operation and low cost. 

2. Due to the use of gaseous raw materials, the reactants have good dispersibility, 
are independent of shape and size of the workpiece, can form film with uniform 
thickness and color, and can plat film on workpiece having larger size and 
complicated shape. 

3. Due to the use of ionization-discharge and electric field adsorption process for 
plating film, the plated film is characterized in a stronger binding force with the 
substrate, better chemical stability and not easy to change and lose color, as 
compared with that obtained by using the existing film plating process. 

4. The gaseous raw materials are easily changed, and can plat, on requirement, 
various films having different physical/chemical properties and different colors at 
any moment, so their application range is very broad. 

The following example serves to further illustrate the invention (the volume of 
vacuum chamber is 1 .1 m 3 ). 

1 . TiN is plated on surface of an iron-based workpiece by the steps of: 

a. to place a workpiece on a workpiece frame (9), and put it in a vacuum chamber 
(5); 

b. to start a vacuum pump (7) to make the vacuum chamber (5) reach a vacuum 
of 10" 1 Pa; 

c. to turn on an electric heating element (10) to make the temperature on surface 
of the workpiece reach about 500°C; 
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d. to input TiCI 4 in a liquid storing and atomizing means (3); 

e. to turn on a gas flow controller (2) to adjust flow of various gases 
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Claims 



2. A gaseous ion film-plating device, which consists of a gas source cabinet (1 ), 
a gas flow controller (2), a liquid storing and atomizing means (3), a vacuum 
chamber (5), a vacuum pump (7) and an electric control box (8); wherein the gas 
source cabinet (1) is connected to the vacuum pump (5) via the gas flow controller 
(2), and argon source in the gas source cabinet (1) is connected to the liquid 
storing and atomizing means (3) via the gas flow controller (2) and then 
connected to the vacuum chamber (5); the vacuum chamber (5) is equipped with, 
inside, a workpiece frame (9), an electric heating element (10) and an electrode 
net (11) that are alternately arranged in layers; the workpiece frame (9) and the 
electrode net (11) are connected to a high-voltage direct current generator of the 
electric control box (8); on top of the vacuum chamber (5) a thermal controller (12), 
a vacuum gauge (13) and a gas release valve (14) are installed. 
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